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METHOD, SYSTEM, AND APPARATUS FOR 
TRANSMITTING DATA INFORMATION BY 

USING OPTICAL SIGNALS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of International 
Application No. PCT/CN2011/080360, filed on Sep. 29, 
2011, which is hereby incorporated by reference in its 
entirety. 

TECHNICAL FIELD 

0002 The present invention relates to communications 
technologies, and in particular, to a method, a system, and an 
apparatus for transmitting data information by using optical 
signals. 

BACKGROUND 

0003. On an existing wavelength division multiplexing 
(Wavelength Division Multiplexing, WDM) network, center 
frequencies of optical signals with different wavelengths are 
distributed according to a fixed optical frequency grid (Opti 
cal Frequency Grid, OFG). Refer to FIG. 1, in which a com 
monly used 50 GHz grid (Grid) on an existing WDM network 
is taken as an example. Regardless of whether a bit rate of 
signals is 100 Gbit/s, 40 Gbit/s, or 10 Gbit/s, center frequen 
cies of the signals are distributed strictly according to the 50 
GHz grid. 
0004 As data traffic rapidly increases, a bit rate of signals 
on the WDM network further increases to 400 Gbit/s, or even 
to 1 Tbit/s. A signal spectrum width of these high rate signals 
may exceed 50 GHz. As a result, these signals cannot be 
transmitted on a network that is designed according to a fixed 
50 GHz grid. In this case, a feasible method is to use a grid 
with a wider spacing, such as a 100 GHz grid. However, if 
hybrid transmission needs to be performed for both relatively 
low rate signals and high rate signals, the relatively low rate 
signals may also occupy a 100 GHZ optical frequency slot 
(Optical Frequency Slot, OFS), which wastes spectrum 
resources in an optical fiber. 
0005. Currently, a flex grid (Flex Grid) technology is used 
in the prior art, which allows a channel of optical signals to 
occupy multiple consecutive OFSs. Refer to FIG. 2, in which 
signals with a bit rate of 100 Gbit/s occupy a spectral band 
width of 50 GHz, signals with a bit rate of 400 Gbit/s occupy 
spectral bandwidths of 75 GHZ to 87.5 GHZ, and signals with 
a bit rate of 1 Tbit/s occupy spectral bandwidths of 150 GHz 
to 200 GHz. A specific implementation method may be as 
follows: 12.5 GHZ is used as an OFS unit, signals with the bit 
rate of 100 Gbit/s occupy 4 consecutive OFS units, signals 
with the bit rate of 400 Gbit/s occupy 6 to 7 consecutive OFS 
units, and signals with the bit rate of 1 Tbit/s occupy 12 to 16 
consecutive OFS units. 
0006. In the flex grid technology, the OFSs occupied by a 
channel of optical signals are consecutive and concatenated, 
that is, they are connected together. For example, this may be 
seen from a schematic diagram of an optical signal spectrum 
on an existing flex grid network, as shown in the FIG.3. After 
cross transmission is performed through multiple nodes dur 
ing network transmission, a large number of OFS fragments 
are generated, which causes messy distribution of an optical 
signal spectrum in an optical fiber and reduces the utilization 
of spectrum resources. 
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SUMMARY 

0007 Embodiments of the present invention provide a 
method, a system, and an apparatus for transmitting data 
information by using optical signals so as to solve the prob 
lems in the prior art that messy distribution of an optical 
signal spectrum in an optical fiberis caused and the utilization 
of spectrum resources is reduced due to a large number of 
OFS fragments that are generated in cross transmission of 
optical signals through multiple nodes on a transmission net 
work. 
0008 To solve the technical problems, according to one 
aspect of the present invention, a method for transmitting data 
information is provided, including: selecting at least two opti 
cal carriers, where the at least two optical carriers correspond 
to at least two optical frequency slots, and a vacant optical 
frequency slot or an optical frequency slot occupied by other 
optical signals exists between the two optical frequency slots; 
modulating data information onto the at least two optical 
carriers to form a channel of optical signals, so that the chan 
nel of optical signals occupies the at least two optical fre 
quency slots, and a vacant optical frequency slot oran optical 
frequency slot occupied by other optical signals exists 
between the two optical frequency slots; and sending the 
channel of optical signals. 
0009. According to another aspect of the present inven 
tion, a method for receiving data information is provided, 
including: receiving a channel of optical signals, where the 
channel of optical signals occupies at least two optical fre 
quency slots, and a vacant optical frequency slot oran optical 
frequency slot occupied by other optical signals exists 
between the two optical frequency slots; generating multiple 
channels of optical Sub-signals from the channel of optical 
signals according to the optical frequency slots occupied by 
the channel of optical signals; and demodulating data infor 
mation from the multiple channels of optical Sub-signals. 
0010. According to another aspect of the present inven 
tion, a sending node is provided, including an optical carrier 
Source, a data modulation module, and a sending module, 
where the optical carrier source includes a carrier generation 
module and a first optical carrier selection module, where the 
carrier generation module is configured to generate multiple 
optical carriers, and the first optical carrier selection module 
is configured to select at least two optical carriers from the 
multiple optical carriers, where the at least two optical carri 
ers correspond to at least two optical frequency slots, and a 
vacant optical frequency slot or an optical frequency slot 
occupied by other optical signals exists between the two 
optical frequency slots; the data modulation module is con 
figured to modulate data information onto the at least two 
optical carriers to form a channel of optical signals, so that the 
channel of optical signals occupies the at least two optical 
frequency slots, and a vacant optical frequency slot or an 
optical frequency slot occupied by other optical signals exists 
between the two optical frequency slots; and the sending 
module is configured to send the channel of optical signals. 
0011. According to another aspect of the present inven 
tion, a receiving node is provided, including: a receiving 
module, configured to receive a channel of optical signals, 
where the channel of optical signals occupies at least two 
optical frequency slots, and a vacant optical frequency slot or 
an optical frequency slot occupied by other optical signals 
exists between the two optical frequency slots; an optical 
Sub-signal generation module, configured to generate mul 
tiple channels of optical Sub-signals from the channel of 
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optical signals according to the optical frequency slots occu 
pied by the channel of optical signals; and a data restoration 
module, configured to demodulate data information from the 
multiple channels of optical Sub-signals. 
0012. According to another aspect of the present inven 

tion, a system for transmitting data information is provided, 
including the sending node and the receiving node. 
0013 As can be seen from the above, in an implementa 
tion manner of the embodiments of the present invention, a 
spectrum corresponding to a channel of optical signals occu 
pies at least two optical frequency slots (OFS), and a vacant 
OFS or an OFS used by other optical signals exists between 
the two OFSs. In this case, after cross transmission is per 
formed through multiple nodes on a transmission network, 
flexible arrangement may be performed according to the size 
of an OFS block, so that spectra in an optical fiber are 
arranged closely, thereby reducing OFS fragments, and 
increasing the utilization of the spectra in the optical fiber. 

BRIEF DESCRIPTION OF DRAWINGS 

0014. To illustrate the technical solutions in the embodi 
ments of the present invention or in the prior art more clearly, 
the following briefly introduces the accompanying drawings 
required for describing the embodiments or the prior art. 
Apparently, the accompanying drawings in the following 
description show merely some embodiments of the present 
invention, and a person of ordinary skill in the art may still 
derive other drawings from these accompanying drawings 
without creative efforts. 
0015 FIG. 1 is a schematic diagram of a fixed grid on an 
existing WDM network; 
0016 FIG. 2 is a schematic diagram of a flex grid on an 
existing WDM network; 
0017 FIG. 3 is a schematic diagram of an optical signal 
spectrum on an existing flex grid network; 
0.018 FIG. 4 is a flowchart of an embodiment of a method 
for transmitting data information by using optical signals 
according to the present invention; 
0019 FIG. 5 is a schematic diagram of a spectrum of 
optical frequency slots occupied by a channel of optical sig 
nals according to an embodiment of the present invention; 
0020 FIG. 6a is a schematic diagram of cross transmis 
sion on a transmission network in the prior art; 
0021 FIG. 6b is a schematic diagram of cross transmis 
sion on a transmission network according to an embodiment 
of the present invention; 
0022 FIG. 7 is a flowchart of an embodiment of a method 
for transmitting data information by using optical signals 
according to the present invention; 
0023 FIG. 8a is a schematic diagram of optical sub-sig 
nals split off from main optical signals according to an 
embodiment of the present invention; 
0024 FIG. 8b is a schematic diagram of optical sub-sig 
nals split off from main optical signals according to another 
embodiment of the present invention; 
0025 FIG. 9 is a schematic structural diagram of an 
embodiment of a sending node according to the present 
invention; 
0026 FIG. 10 is a schematic structural diagram of another 
embodiment of a sending node according to the present 
invention; 
0027 FIG. 11 is a schematic structural diagram of another 
embodiment of a sending node according to the present 
invention; 
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0028 FIG. 12 is a schematic structural diagram of an 
embodiment of an intermediate node according to the present 
invention; 
0029 FIG. 13 is a schematic structural diagram of a cross 
transmission module according to an embodiment of the 
present invention; 
0030 FIG. 14 is a schematic structural diagram of an 
embodiment of an incoherent receiving node according to the 
present invention; 
0031 FIG. 15 is a schematic structural diagram of an 
embodiment of a coherent receiving node according to the 
present invention; 
0032 FIG. 16 is a schematic structural diagram of another 
embodiment of a receiving node according to the present 
invention; 
0033 FIG. 17 is a schematic structural diagram of another 
embodiment of an incoherent receiving node according to the 
present invention; 
0034 FIG. 18 is a schematic structural diagram of an 
embodiment of a coherent receiving node according to the 
present invention; and 
0035 FIG. 19 is a schematic structural diagram of a sys 
tem for transmitting data information by using optical signals 
according to an embodiment of the present invention. 

DESCRIPTION OF EMBODIMENTS 

0036. The following describes in detail a method, an appa 
ratus, and a system for transmitting data information by using 
optical signals. 
0037. Therefore, according to an embodiment of the 
present invention, a method for transmitting data information 
is provided. FIG. 4 shows a flowchart of the method. The 
method includes the following steps: 
0038 Step 41: Select at least two optical carriers, where 
the at least two optical carriers correspond to at least two 
optical frequency slots (OFS), and a vacant OFS or an OFS 
occupied by other optical signals exists between the two 
OFSS. 
0039 For example, an optical carrier source may first gen 
erate multiple optical carriers, OFSS corresponding to the 
multiple optical carriers are consecutive and concatenated, 
and at least two optical carriers are selected from the multiple 
optical carriers. The at least two optical carriers correspond to 
at least such two OFSs that a vacant OFS or an OFS occupied 
by other optical signals exists between the two OFSs. 
0040 Step 42: Modulate data information onto the at least 
two optical carriers to form a channel of optical signals, so 
that the channel of optical signals occupies the at least two 
OFSs, and a vacant OFS or an OFS occupied by other optical 
signals exists between the two OFSs. 
0041. In this embodiment of the present invention, the 
channel of optical signals is described from the point of 
integrity of data information, and only data information that is 
borne over valid carriers corresponding to the channel of 
optical signals and combined together is complete data infor 
mation. Taking orthogonal frequency division multiplexing 
(orthogonal frequency division multiplexing, OFDM) signals 
as an example, if any carrier of the signals is missed, a receiv 
ing end cannot receive the correct and complete data infor 
mation. Therefore, the valid carriers corresponding to the 
channel of optical signals are not necessarily transmitted 
through a same path or optical fiber, but may be transmitted 
through different paths or optical fibers and then received 
together at the receiving end. In this case, only the data 
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information that is borne over the valid carriers and combined 
together is the complete data information. Optical signals in 
this case may also be referred to as a channel of optical 
signals. 
0042. The OFSs occupied by the channel of optical signals 
may be single OFSs that are separated from each other, or 
may be consecutive and concatenated optical frequency slot 
blocks. 
0043. For example, as shown in FIG. 5, a spectrum of a 
formed channel of optical signals occupies a total of five 
OFSs: OFS1 OFS2, OFS5, OFS6, and OFS7. As can be seen 
from FIG. 5, the spectrum of the channel of optical signals is 
not consecutive, and two spacing OFSs, OFS3 and OFS4. 
exist in this spectrum. OFS3 and OFS4 may be vacant, or may 
be used to bear another channel of optical signals. However, 
consecutive and concatenated OFS blocks, OFS1-OFS2 and 
OFS5-OFS7, also exist in this spectrum. 
0044. In the process of using multiple optical carriers to 
generate a channel of optical signals, selection of each optical 
carrier may be controlled by acquiring instruction informa 
tion from an interface of a control/management plane, so as to 
adjust the OFSs occupied by the channel of optical signals to 
ensure that the channel of optical signals occupies such two 
OFSs that a vacant OFS or an OFS used by other optical 
signals exists between the two OFSs. The instruction infor 
mation may be modulated, together with data information 
that needs to be transmitted, onto an optical carrier for trans 
mission, or may be transmitted by using an independent car 
1. 

0045 Step 43: Send the channel of optical signals. 
0046 According to an implementation manner, cross 
transmission may be performed for the channel of optical 
signals and optical signals formed by optical carriers onto 
which other data information is modulated, that is, multiple 
channels of optical signals that include the channel of optical 
signals may be combined. During the combination, the chan 
nel of optical signals obtained in the preceding embodiment 
occupies at least two OFSs, and a vacant OFS or an OFS used 
by other optical signals exists between the two OFSs. There 
fore, during the transmission, cross transmission may be per 
formed for the channel of optical signals and optical signals 
formed by optical carriers onto which other data information 
is modulated. In this case, flexible arrangement may be per 
formed according to the size of an OFS block, so that spectra 
in an optical fiber are arranged closely, thereby reducing OFS 
fragments, and increasing the utilization of the spectra in the 
optical fiber. 
0047 Referring to FIG. 6a and FIG. 6b, FIG. 6a is a 
schematic diagram of a combination situation of cross trans 
mission during transmission of optical signals in the prior art. 
Multiple channels of optical signals output from a node A and 
a channel of optical signals output from a node B need to be 
combined. OFSs occupied by the channel of optical signals 
output from the node B are consecutive and concatenated, and 
the spectrum width is large. Therefore, the OFSs cannot be 
inserted in the spectrum gap of the multiple channels of 
optical signals output from the node A, but can only be 
arranged in sequence. As a result, utilization of spectrum 
resources in an optical fiber after the combination is relatively 
low. 
0048 Refer to FIG. 6b, which is a schematic diagram of a 
combination situation of cross transmission during transmis 
sion of optical signals according to an embodiment of the 
present invention. Multiple channels of optical signals (which 
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are optical signals after the multiple channels of optical sig 
nals are combined) output from a node A and a channel of 
optical signals output from a node B need to be combined. 
The channel of optical signals output from the node B may be 
borne over two OFS blocks according to spectrum distribu 
tion of the multiple channels of optical signals output from the 
node A, where a vacant OFS or an OFS used by other optical 
signals exists between the two OFS blocks and each OFS 
block is relatively small. In this case, one of the OFS blocks 
can be inserted between OFS blocks corresponding to the 
multiple channels of optical signals output from the node A, 
thereby reducing OFS fragments and increasing the utiliza 
tion of the spectrum effectively. 
0049. A person skilled in the art should understand that on 
a transmission network, if all optical signals are the channel 
of optical signals (that is, a spectrum corresponding to the 
channel of optical signals occupies at least two OFSS, and a 
vacant OFS or an OFS used by other optical signals exists 
between the two OFSs) or a part of optical signals are the 
channel of optical signals, flexible arrangement may be per 
formed according to the size of an OFS block during the cross 
transmission, so that spectra in an optical fiber are arranged 
closely, thereby reducing OFS fragments to an extremely low 
level, and increasing the utilization of the spectra signifi 
cantly. Here, the OFS block is a set of several OFSs, and the 
OFSs in this set are consecutive and concatenated. 

0050. According to another embodiment of the present 
invention, a method for receiving data information is pro 
vided. FIG. 7 shows a flowchart of the method. The method 
includes the following steps: 
0051 Step 71: Receive a channel of optical signals, where 
the channel of optical signals occupies at least two optical 
frequency slots, and a vacant optical frequency slot or an 
optical frequency slot occupied by other optical signals exists 
between the two optical frequency slots. 
0.052 Step 72: Generate multiple channels of optical sub 
signals from the channel of optical signals according to the 
optical frequency slots occupied by the channel of optical 
signals. 
0053 A person skilled in the art should know that receiv 
ing the channel of optical signals may have an incoherent 
reception situation and a coherent reception situation. In this 
embodiment, processing methods in the incoherent reception 
situation and in the coherent reception situation are different. 
0054. In the incoherent reception situation, in an imple 
mentation manner, the channel of optical signals may be split, 
according to single OFSS occupied by the channel of optical 
signals, into multiple channels of optical Sub-signals that 
occupy one OFS each. Referring to FIG. 8a, by using an OFS 
as a unit, the channel of optical signals on the left side in this 
figure are split into multiple channels of optical Sub-signals 
on the right side in this figure, and each channel of optical 
Sub-signals occupies one OFS. In another implementation 
manner, the channel of optical signals is split into multiple 
channels of optical Sub-signals according to consecutive and 
concatenated OFS blocks occupied by the channel of optical 
signals. Referring to FIG. 8b, the channel of optical signals on 
the left side in this figure includes two OFS blocks, one OFS 
block includes OFS1 and OFS2, the other OFS block includes 
OFS5, OFS6, and OFS7, and the two OFS blocks are split into 
two channels of optical Sub-signals on the right side in this 
figure. 
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0055. In the process of splitting main optical signals, the 
split manner and process are controlled by acquiring instruc 
tion information from an interface of a control/management 
plane. 
0056. For another example, in the coherent reception situ 
ation, at least one local oscillator light source may be selected 
according to OFSS occupied by the optical signals, and the 
local oscillator light source and the channel of optical signals 
may be mixed so as to generate multiple channels of mixed 
optical Sub-signals. Preferably, there are also two implemen 
tation manners herein. In one implementation manner, at least 
one local oscillator light source is selected according to single 
optical frequency slots occupied by the channel of optical 
signals, and the local oscillator light Source and the channel of 
optical signals are mixed so as to generate multiple channels 
of mixed optical Sub-signals. In a simple situation, a corre 
sponding number of local oscillator light sources may be 
selected in one-to-one correspondence for each OFS of the 
optical signals. Definitely, several OFSs may also share one 
local oscillator light source according to a reception algo 
rithm and a requirement on reception performance. In another 
implementation manner, at least one local oscillator light 
Source is selected according to consecutive and concatenated 
optical frequency slot blocks occupied by the channel of 
optical signals, and the local oscillator light source and the 
channel of optical signals are mixed so as to generate mixed 
optical signals. In a simple situation, one local oscillator light 
Source may be selected correspondingly for each of the con 
secutive and concatenated OFS blocks. Definitely, several 
consecutive and concatenated OFS blocks may also share one 
local oscillator light source according to a reception algo 
rithm and a requirement on reception performance. 
0057 Step 73: Demodulate data information from the 
multiple channels of optical Sub-signals. 
0058. In the incoherent reception situation, after the chan 
nel of optical signals is split into multiple channels of optical 
sub-signals according to the OFSs occupied by the channel of 
optical signals, the multiple channels of optical Sub-signals 
are separately converted into corresponding analog electrical 
signals, the analog electrical signals are converted into cor 
responding digital signals, and the data information is 
restored from the digital signals to complete the transmission 
of the data information. 

0059. In the coherent reception situation, the multiple 
channels of optical Sub-signals generated after the mixing are 
converted into corresponding analog electrical signals, the 
analog electrical signals are converted into corresponding 
digital signals, and the data information is restored from the 
digital signals to complete the transmission of the data infor 
mation. 

0060 According to an embodiment of the present inven 
tion, after the channel of optical signals is sent and/or before 
the channel of optical signals is received, cross transmission 
may also be performed for at least once for the channel of 
optical signals as a whole. Here, the cross transmission 
includes: Scheduling the channel of optical signals as a whole 
from an input optical fiber of an intermediate node to an 
output optical fiber of the intermediate node. This overall 
transmission ensures that the data information transmitted by 
using the channel of optical signals is complete. Here, the 
intermediate node is a node that the channel of optical signals 
sent from a sending node passes through before reaching a 
receiving node. The input optical fiber and the output optical 
fiber may be line fibers or local fibers. 
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0061. In another implementation situation, during trans 
mission, valid carriers corresponding to a channel of optical 
signals are not necessarily transmitted through a same path or 
optical fiber, but may be transmitted through different paths 
or optical fibers and then received together at a receiving end. 
The channel of optical signals occupies at least two OFSS, and 
a vacant OFS or an OFS occupied by other optical signals 
exists between the two OFSs. 
0062 According to this embodiment of the present inven 
tion, the channel of optical signals occupies at least two OFSS, 
and a vacant OFS or an OFS used by other optical signals 
exists between the two OFSs. Therefore, during the transmis 
Sion, cross transmission may be performed for the channel of 
optical signals and optical signals formed by optical carriers 
onto which other data information is modulated. In this case, 
flexible arrangement may be performed according to the size 
of an OFS block, so that spectra in an optical fiber are 
arranged closely, thereby reducing OFS fragments, and 
increasing the utilization of the spectra in the optical fiber. 
0063 Embodiments of the present invention further sepa 
rately provide a sending node, an intermediate node, and a 
receiving node. 
0064 FIG. 9 shows a schematic structural diagram of a 
sending node 11 according to an embodiment of the present 
invention. As can be seen from this figure, the sending node 
11 includes an optical carrier source 111, a data modulation 
module 112, and a sending module 114, where the optical 
carrier source 111 includes a carrier generation module 1111 
and a first optical carrier selection module 1113, where the 
carrier generation module 1111 is configured to generate 
multiple optical carriers, and the first optical carrier selection 
module 1113 is configured to select at least two optical car 
riers from the multiple optical carriers, where the at least two 
optical carriers correspond to at least two optical frequency 
slots, and a vacant optical frequency slot or an optical fre 
quency slot occupied by other optical signals exists between 
the two optical frequency slots; the data modulation module 
112 is configured to modulate data information onto the at 
least two optical carriers to form a channel of optical signals, 
so that the channel of optical signals occupies the at least two 
optical frequency slots, and a vacant optical frequency slot or 
an optical frequency slot occupied by other optical signals 
exists between the two optical frequency slots; and the send 
ing module 114 is configured to send the channel of optical 
signals. 
0065 FIG. 10 shows a schematic structural diagram of a 
sending node according to another embodiment of the present 
invention. A major difference between this embodiment and 
the embodiment shown in FIG. 9 lies in the following: The 
sending node shown in the embodiment in FIG.9 is capable of 
transmitting only one channel of optical signals, while the 
sending node 11 in this embodiment has a capability of simul 
taneously transmitting multiple channels of optical signals. 
0.066 Referring to FIG. 10, the sending node 11 includes 
multiple groups of optical carrier sources 111 that are con 
nected in sequence (only one optical carrier source is shown 
in this figure) and a data modulation module 112. The sending 
node 11 further includes a multi-channel optical signal com 
biner module 113 connected to multiple data modulation 
modules 112, a sending module 114, and a first controller 
115. The first controller 115 controls, by using an interface of 
a control/management plane and according to a requirement 
of the control/management plane, a first optical carrier selec 
tion module 1113 (not shown in this figure) included in the 
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optical carrier source 111 and the multi-channel optical signal 
combiner module 113. In addition, the first controller 115 
may further interact with the control/management plane by 
using the interface of the control/management plane, includ 
ing making an application, responding signaling, and so on. 
0067. The multi-channel optical signal combiner module 
113 is configured to combine, before the channel of optical 
signals is sent, the channel of optical signals and optical 
signals formed by optical carriers onto which other data infor 
mation is modulated. 
0068 A person skilled in the art should understand that, in 
channels of optical signals generated by the sending node 11 
in the present invention, all the optical signals may be the 
channel of optical signals that occupies at least two OFSS, 
where a vacant OFS or an OFS used by other optical signals 
exists between the two OFSS, or a part of the optical signals 
may be the channel of optical signals. 
0069 FIG. 11 shows a specific schematic diagram of a 
sending node according to another embodiment of the present 
invention. 
0070. As can be seen from this figure, in the sending node, 
the optical carrier Source 111 includes a carrier generation 
module 1111 and a first optical carrier selection module 1113, 
where the carrier generation module 1111 is configured to 
generate multiple optical carriers; and the first optical carrier 
selection module 1113 is configured to select at least two 
optical carriers from the multiple optical carriers, where the at 
least two optical carriers correspond to at least two optical 
frequency slots, and a vacant optical frequency slot or an 
optical frequency slot occupied by other optical signals exists 
between the two optical frequency slots. The first optical 
carrier selection module 1113 may be implemented by an 
adjustable demultiplexer (Demultiplexer. DeMUX) module. 
The adjustable DeMUX may select at least two optical carri 
ers, and a vacant OFS or an OFS occupied by other optical 
signals exists between OFSS corresponding to the two optical 
carriers. The adjustable DeMUX may be a DeMUX based on 
a liquid crystal on silicon (Liquid Crystal on Silicon, LCoS) 
technology or a wavelength selective switch (Wavelength 
Selective Switch, WSS) of micro-electromechanical systems 
(Micro-electromechanical Systems, MEMS). 
0071. In addition, it may also be seen that the data modu 
lation module 112 includes at least one modulation module 
1121 and an optical coupler 1122, where the modulation 
module 1121 is configured to receive an optical carrier, 
modulate data information onto the optical carrier to be trans 
mitted to the optical coupler 1122, and the optical coupler 
1122 is configured to combine received output signals of the 
at least one modulation module 1121 so as to form a channel 
of optical signals. Each optical carrier modulation manner 
may be amplitude modulation or quadrature amplitude modu 
lation (Quadrature Amplitude Modulation, QAM). 
0072 The multi-channel optical signal combiner module 
113 may be implemented by an adjustable multiplexer (Mul 
tiplexer, MUX) module. The adjustable MUX is a MUX 
based on the LCoS technology. The adjustable MUX is 
capable of combining the optical signals output by the data 
modulation module 112 as a whole, where a spectrum corre 
sponding to the optical signals occupies at least two OFSS, 
and a vacant OFS or an OFS used by other optical signals 
exists between the two OFSs. 
0073. In addition, the first controller 115 is configured to 
acquire a control instruction from an interface of a control/ 
management plane, control the optical carrier source 111 to 
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select an optical carrier, and control and/or configure the 
multi-channel optical signal combiner module 113. The first 
controller 115 may further interact with the control/manage 
ment plane by using the interface of the control/management 
plane, including making an application, responding signal 
ing, and so on. Information about the interface of the control/ 
management plane may be modulated, together with data 
information that needs to be transmitted, onto a carrier, or 
may use an independent carrier. 
0074 The sending module 114 is configured to send the 
combined optical signals output by the multi-channel optical 
signal combiner module 113. 
0075 FIG. 12 shows a schematic structural diagram of an 
intermediate node 12 according to an embodiment of the 
present invention. As can be seen from this figure, the inter 
mediate node 12 includes at least one cross transmission 
module 121, where the cross transmission module 121 is 
configured to extract a channel of optical signals as a whole 
from an input optical fiberatan optical layer, and/or schedule 
the channel of optical signals as a whole from the input optical 
fiber to an output optical fiber at the optical layer, and/or 
combine the channel of optical signals as a whole into the 
output optical fiber at the optical layer, a spectrum corre 
sponding to the channel of optical signals occupies at least 
two optical frequency slots OFSs, and a vacant OFS or an 
OFS used by other optical signals exists between the two 
OFSs. In addition, the intermediate node further includes a 
second controller 122, configured to control and/or configure 
the cross transmission module 121 according to a require 
ment of a control/management plane. Meanwhile, the second 
controller 122 may further interact with the control/manage 
ment plane by using an interface of the control/management 
plane, including making an application, responding signal 
ing, and so on. Information about the interface of the control/ 
management plane may be modulated, together with data 
information that needs to be transmitted, onto a carrier, or 
may use an independent carrier. 
0076 FIG. 13 shows a schematic structural diagram of a 
cross transmission module 121 according to an embodiment 
of the present invention. As can be seen from this figure, the 
cross transmission module 121 includes an LCoS WSS west 
ward drop submodule 1211, an LCoS WSS westward add 
submodule 1212, an LCoS WSS eastward drop submodule 
1213, and an LCoS WSS eastward add submodule 1214. 
(0077. The LCoS WSS westward drop submodule 1211 is 
configured to split offlocal westward dropped optical signals 
from a westward input line fiber and transmit the remaining 
optical signals to the LCoS WSS eastward add submodule 
1214. 

0078. The LCoS WSS eastward add submodule 1214 is 
configured to combine local eastward added optical signals 
and the optical signals transmitted by the LCoS WSS west 
ward drop submodule 1211 and transmit the combined opti 
cal signals to an eastward output optical fiber. 
(0079. The LCoS WSS eastward drop submodule 1213 is 
configured to split off local eastward dropped optical signals 
from an eastward input line fiber and transmit the remaining 
optical signals to the LCoS WSS westward add submodule 
1212. 

0080. The LCoS WSS westward add submodule 1212 is 
configured to combine local westward added optical signals 
and the optical signals transmitted by the LCoS WSS east 
ward drop submodule 1213 and transmit the combined opti 
cal signals to a westward output optical fiber. 
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I0081. These LCoS WSS submodules are capable of 
Switching Such optical signals as a whole according to control 
signals of the second controller 122: a spectrum correspond 
ing to the optical signals occupies at least two optical fre 
quency slots OFSs and a vacant OFS oran OFS used by other 
optical signals exists between the two OFSs. In addition, the 
second controller 122 may control and/or configure, by using 
an interface of a control/management plane, the LCoS WSS 
Submodules according to a requirement of the control/man 
agement plane. 
0082. A person skilled in the art should know that in the 
present invention, a cross transmission module 121 may be 
selected, or according to a practical engineering requirement, 
transmission Submodules in other directions may be set, Such 
as an LCoS WSS southward add submodule, an LCoS WSS 
southward drop submodule, an LCoS WSS northward add 
submodule, and an LCoS WSS northward drop submodule, 
and their functions are similar to the submodules in this 
embodiment shown in FIG. 13. No further details are pro 
vided herein. 
0083 FIG. 14 shows a schematic structural diagram of a 
receiving node 13 according to an embodiment of the present 
invention. This embodiment corresponds to the embodiment 
of the sending node shown in FIG.9, and the receiving node 
13 is designed for an incoherent reception situation. The 
receiving node 13 includes: a receiving module 131, config 
ured to receive a channel of optical signals, where the channel 
of optical signals occupies at least two optical frequency 
slots, and a vacant optical frequency slot or an optical fre 
quency slot occupied by other optical signals exists between 
the two optical frequency slots; an optical Sub-signal genera 
tion module 132, configured to generate multiple channels of 
optical Sub-signals from the channel of optical signals 
according to the optical frequency slots occupied by the chan 
nel of optical signals; and a data restoration module 133, 
configured to demodulate data information from the multiple 
channels of optical Sub-signals. 
0084 As can be seen from FIG. 14, in the incoherent 
reception situation, the optical Sub-signal generation module 
132 further includes a second optical carrier selection module 
1321, configured to split, according to single optical fre 
quency slots occupied by the channel of optical signals, the 
channel of optical signals into multiple channels of optical 
Sub-signals that occupy one optical frequency slot each, or 
configured to split the channel of optical signals into multiple 
channels of optical Sub-signals according to consecutive and 
concatenated optical frequency slot blocks occupied by the 
channel of optical signals. The channel of optical signals 
occupies at least two optical frequency slots OFSS, and a 
vacant OFS or an OFS occupied by other optical signals exists 
between the two OFSs. A split manner for splitting the chan 
nel of received optical signals into multiple channels of opti 
cal Sub-signals according to OFSS occupied by the channel of 
optical signals is the same as the split manner shown in FIG. 
8a or FIG. 8b. No further details are provided herein. 
0085 FIG. 15 shows a schematic structural diagram of a 
receiving node 13 according to an embodiment of the present 
invention. This embodiment corresponds to the embodiment 
of the sending node shown in FIG.9, and the receiving node 
13 is designed for a coherent reception situation. 
0086. As can be seen from FIG. 15, a difference between 

this situation and the incoherent reception situation lies in that 
in the coherent reception situation, an optical Sub-signal gen 
eration module 132 further includes a local oscillator light 
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source selection module 1322 and a mixing module 1323. 
The local oscillator light source selection module 1322 is 
configured to select at least one local oscillator light Source 
according to single optical frequency slots occupied by the 
channel of optical signals, and the mixing module 1323 is 
configured to mix the at least one local oscillator light Source 
and the channel of optical signals so as to generate multiple 
channels of mixed optical Sub-signals. Alternatively, the local 
oscillator light source selection module 1322 is configured to 
select at least one local oscillator light Source according to 
consecutive and concatenated optical frequency slot blocks 
occupied by the channel of optical signals, and the mixing 
module 1323 is configured to mix the at least one local oscil 
lator light source and the channel of optical signals so as to 
generate mixed optical signals. 
I0087 FIG. 16 shows a schematic structural diagram of a 
receiving node 13 according to an embodiment of the present 
invention. The receiving node in this embodiment corre 
sponds to the sending node in the embodiment shown in FIG. 
10. As can be seen from this figure, the receiving node 13 
includes a receiving module 131, a multi-channel optical 
signal splitting module 134, an optical Sub-signal generation 
module 132, a data restoration module 133, and a third con 
troller 135. 
I0088. The multi-channel optical signal splitting module 
134 is configured to split multiple channels of optical signals 
after receiving the optical signals, where at least one channel 
of optical signals occupies at least two optical frequency slots 
OFSs, and a vacant OFS or an OFS used by other optical 
signals exists between the two OFSs. The multi-channel opti 
cal signal splitting module 134 is capable of splitting the 
channel of optical signals as a whole and then sends the 
channel of optical signals to the optical Sub-signal generation 
module 132. Functions of the optical Sub-signal generation 
module 132 and the data restoration module 133 are the same 
as the functions shown in the embodiments in FIG. 14 and 
FIG. 15. No further details are provided herein. The third 
controller 135 controls operations of the optical sub-signal 
generation module 132 and the multi-channel optical signal 
splitting module 134 according to a control instruction from 
an interface of a control/management plane. Information 
about the interface of the control/management plane may be 
modulated, together with data information that needs to be 
transmitted, onto a carrier, or may use an independent carrier. 
I0089. A person skilled in the art should understand that a 
part of output ports of the multi-channel optical signal split 
ting module 134 may further be directly connected to the data 
restoration module 133 and the multi-channel optical signal 
splitting module 134 may directly transmit the split at least 
one channel of optical signals to the data restoration module 
133 to restore the data information. 
0090 FIG. 17 shows a specific application of the receiving 
node 13 in the embodiment shown in FIG. 14, where the 
receiving node 13 is also used in an incoherent reception 
situation. 
0091. A multi-channel optical signal splitting module 134 
may be implemented by an adjustable DeMUX module, and 
may specifically be implemented by a DeMUX based on an 
LCoS technology, and its function is the same as the function 
of the multi-channel optical signal splitting module 134 
described with reference to FIG. 16. 
0092. A second optical carrier selection module 131 may 
be implemented by an adjustable DeMUX module, and may 
specifically be implemented by a DeMUX based on the LCoS 
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(Liquid Crystal on Silicon, liquid crystal on silicon) technol 
ogy or a wavelength selective switch (Wavelength Selective 
Switch, WSS) of micro-electromechanical systems (Micro 
electromechanical Systems, MEMS), and its function is the 
same as the function of the second optical carrier selection 
module 1321 described with reference to FIG. 14. 

0093. A data restoration module 133 includes an optical 
to-electrical conversion Submodule 1331, an analog-to-digi 
tal conversion Submodule 1332, and a digital processing Sub 
module 1333. The optical-to-electrical conversion 
submodule 1331 includes multiple O/E circuits and is con 
figured to convert multiple channels of optical Sub-signals 
into multiple channels of analog electrical signals. An O/E 
module implements an optical-to-electrical conversion. Spe 
cifically, the O/E module may be a positive intrinsic-negative 
(Positive Intrinsic-Negative, PIN) photodiode or an ava 
lanche photodiode (Avalanche Photodiode, APD). 
0094. The analog-to-digital conversion submodule 1332 
includes multiple analog to digital converter (Analog to Digi 
tal Converter, ADC) circuits and is configured to convert 
analog signals into digital signals. The digital processing 
submodule 1333 is configured to extract data information 
from the digital signals. 
0095 FIG. 18 shows a specific application of the receiving 
node 13 in the embodiment shown in FIG. 15, where the 
receiving node 13 is also used in a coherent reception situa 
tion. 
0096. As can be seen from this figure, an optical sub-signal 
generation module 132 further includes a local oscillator light 
source selection module 1322 and a mixing module 1323. 
Their functions are the same as the functions described with 
reference to FIG. 15. No further details are provided herein. 
0097. A data restoration module 133 includes an optical 

to-electrical conversion Submodule 1331, an analog-to-digi 
tal conversion Submodule 1332, and a digital processing Sub 
module 1333, where the optical-to-electrical conversion 
submodule 1331 is configured to convert the multiple chan 
nels of mixed optical signals into multiple channels of analog 
electrical signals, the analog-to-digital conversion Submod 
ule 1332 is configured to convert the multiple channels of 
analog electrical signals into digital signals, and the digital 
processing submodule 1333 is configured to extract data 
information from the digital signals. 
0098. In FIG. 18, the local oscillator light source selection 
module 1322 is configured to select a parameter Such as a 
wavelength of a local oscillator light source corresponding to 
each mixer. For flexible configuration, the local oscillator 
light source may be an optical source whose wavelength is 
adjustable. In FIG. 18, after being output from a multi-chan 
nel optical signal splitting module 134, a channel of optical 
signals passes through a 1:m splitter and is split into m chan 
nels, where m may be determined according to the number of 
OFSs or OFS blocks separated one by one and a receiving 
manner. In a simple situation, a corresponding number of 
local oscillator light sources may be selected in one-to-one 
correspondence for each OFS of the optical signals or one 
local oscillator light source may be selected correspondingly 
for each of the consecutive and concatenated OFS blocks. 
Definitely, according to a reception algorithm and a require 
ment on reception performance, several OFSS may also share 
one local oscillator light source or several consecutive and 
concatenated OFS blocks may share one local oscillator light 
Source. Then, the mixer is used to mix each channel of optical 
signals, and the optical-to-electrical conversion and the ana 
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log-to-digital conversion are performed, and so on. k optical 
to-electrical converters and ADCs are used for each channel 
of mixed signals, where k is relevant to a modulation format. 
0099 FIG. 19 shows a system for transmitting data infor 
mation by using optical signals according to an embodiment 
of the present invention. As can be seen from this figure, the 
system includes a sending node 11 and a receiving node 13, 
and optionally further includes an intermediate node 12. Spe 
cific content of the sending node 11, the receiving node 13, 
and the intermediate node 12 has been described in detail 
above. No further details are provided herein. 
0100. According to the system in this embodiment of the 
present invention, at least one channel of optical signals occu 
pies at least two optical frequency slots (OFS), and a vacant 
OFS or an OFS used by other optical signals exists between 
the two OFSs. Therefore, during the transmission, flexible 
arrangement may be performed according to the size of an 
OFS block in the channel of optical signals, so that spectra of 
the optical signals in an optical fiber are arranged closely, 
thereby increasing the utilization of the spectra in the optical 
fiber. 

0101 A person skilled in the art should understand that the 
division of the apparatuses and modules in the embodiments 
of the present invention is functional divisions and their prac 
tical specific structures may be a split or combination of the 
foregoing functional modules. 
0102 The sequence numbers of the preceding embodi 
ments of the present invention are merely for description but 
do not indicate the preference of the embodiments. 
(0103 Solutions described in claims also fall within the 
protection scope of the embodiments of the present invention. 
0104. A person skilled in the art should understand that all 
or a part of the processes of the methods in the embodiments 
may be implemented by a program instructing relevant hard 
ware. The program may be stored in a computer readable 
storage medium. 
0105. The foregoing describes only exemplary embodi 
ments of the present invention and is not intended to limit the 
protection scope of the present invention. Any modification, 
equivalent replacement, or improvement made within the 
spirit and principle of the present invention shall fall within 
the protection scope of the present invention. 
What is claimed is: 

1. A method for transmitting data information, comprising: 
selecting at least two optical carriers, wherein the at least 
two optical carriers correspond to at least two optical 
frequency slots, and a vacant optical frequency slot oran 
optical frequency slot occupied by other optical signals 
exists between the two optical frequency slots; 

modulating data information onto the at least two optical 
carriers to form a channel of optical signals, so that the 
channel of optical signals occupies the at least two opti 
cal frequency slots, and a vacant optical frequency slot 
or an optical frequency slot occupied by other optical 
signals exists between the two optical frequency slots; 
and 

sending the channel of optical signals. 
2. The method according to claim 1, further comprising: 

performing cross transmission for the channel of optical sig 
nals and optical signals formed by optical carriers onto which 
other data information is modulated. 
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3. The method according to claim 1, wherein consecutive 
and concatenated optical frequency slot blocks exist in the 
optical frequency slots occupied by the channel of optical 
signals. 

4. A method for receiving data information, comprising: 
receiving a channel of optical signals, wherein the channel 

of optical signals occupies at least two optical frequency 
slots, and a vacant optical frequency slot or an optical 
frequency slot occupied by other optical signals exists 
between the two optical frequency slots; 

generating multiple channels of optical Sub-signals from 
the channel of optical signals according to the optical 
frequency slots occupied by the channel of optical sig 
nals; and 

demodulating data information from the multiple channels 
of optical Sub-signals. 

5. The method according to claim 4, wherein the generating 
multiple channels of optical Sub-signals from the channel of 
optical signals according to the optical frequency slots occu 
pied by the channel of optical signals further comprises: 

splitting, according to single optical frequency slots occu 
pied by the channel of optical signals, the channel of 
optical signals into multiple channels of optical Sub 
signals that occupy one optical frequency slot each. 

6. The method according to claim 4, wherein the generating 
multiple channels of optical Sub-signals from the channel of 
optical signals according to the optical frequency slots occu 
pied by the channel of optical signals further comprises: 

splitting the channel of optical signals into multiple chan 
nels of optical Sub-signals according to consecutive and 
concatenated optical frequency slot blocks occupied by 
the channel of optical signals. 

7. The method according to claim 4, wherein the generating 
multiple channels of optical Sub-signals from the channel of 
optical signals according to the optical frequency slots occu 
pied by the channel of optical signals further comprises: 

Selecting at least one local oscillator light source according 
to single optical frequency slots occupied by the channel 
of optical signals, and mixing the local oscillator light 
Source and the channel of optical signals so as to gener 
ate multiple channels of mixed optical Sub-signals. 

8. The method according to claim 4, wherein the generating 
multiple channels of optical Sub-signals from the channel of 
optical signals according to the optical frequency slots occu 
pied by the channel of optical signals further comprises: 

Selecting at least one local oscillator light source according 
to consecutive and concatenated optical frequency slot 
blocks occupied by the channel of optical signals, and 
mixing the local oscillator light Source and the channel 
of optical signals so as to generate mixed optical signals. 

9. A sending node, comprising an optical carrier Source, a 
data modulation module, and a sending module, wherein: 

the optical carrier source comprises a carrier generation 
module and a first optical carrier selection module, 
wherein 
the carrier generation module is configured to generate 

multiple optical carriers, and 
the first optical carrier selection module is configured to 

select at least two optical carriers from the multiple 
optical carriers, wherein the at least two optical car 
riers correspond to at least two optical frequency 
slots, and a vacant optical frequency slot oran optical 
frequency slot occupied by other optical signals exists 
between the two optical frequency slots; 
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the data modulation module is configured to modulate data 
information onto the at least two optical carriers to form 
a channel of optical signals, so that the channel of optical 
signals occupies the at least two optical frequency slots, 
and a vacant optical frequency slot or an optical fre 
quency slot occupied by other optical signals exists 
between the two optical frequency slots; and 

the sending module is configured to send the channel of 
optical signals. 

10. The sending node according to claim 9, further com 
prising a multi-channel optical signal combiner module, con 
figured to combine the channel of optical signals and optical 
signals formed by optical carriers onto which other data infor 
mation is modulated. 

11. The sending node according to claim 9, wherein con 
secutive and concatenated optical frequency slot blocks exist 
in the optical frequency slots occupied by the channel of 
optical signals. 

12. A receiving node, comprising: 
a receiving module, configured to receive a channel of 

optical signals, wherein the channel of optical signals 
occupies at least two optical frequency slots, and a 
vacant optical frequency slot oran optical frequency slot 
occupied by other optical signals exists between the two 
optical frequency slots; 

an optical Sub-signal generation module, configured to 
generate multiple channels of optical Sub-signals from 
the channel of optical signals according to the optical 
frequency slots occupied by the channel of optical sig 
nals; and 

a data restoration module, configured to demodulate data 
information from the multiple channels of optical sub 
signals. 

13. The receiving node according to claim 12, wherein the 
optical Sub-signal generation module further comprises a sec 
ond optical carrier selection module, configured to split, 
according to single optical frequency slots occupied by the 
channel of optical signals, the channel of optical signals into 
multiple channels of optical Sub-signals that occupy one opti 
cal frequency slot each. 

14. The receiving node according to claim 12, wherein the 
optical Sub-signal generation module further comprises a sec 
ond optical carrier selection module, configured to split the 
channel of optical signals into multiple channels of optical 
Sub-signals according to consecutive and concatenated opti 
cal frequency slot blocks occupied by the channel of optical 
signals. 

15. The receiving node according to claim 12, wherein the 
optical Sub-signal generation module further comprises a 
local oscillator light source selection module and a mixing 
module, wherein 

the local oscillator light source selection module is config 
ured to select at least one local oscillator light Source 
according to single optical frequency slots occupied by 
the channel of optical signals, and 

the mixing module is configured to mix the at least one 
local oscillator light source and the channel of optical 
signals to generate multiple channels of mixed optical 
Sub-signals. 

16. The receiving node according to claim 12, wherein the 
optical Sub-signal generation module further comprises a 
local oscillator light source selection module and a mixing 
module, wherein 
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the local oscillator light source selection module is config 
ured to select at least one local oscillator light Source 
according to consecutive and concatenated optical fre 
quency slot blocks occupied by the channel of optical 
signals, and 

the mixing module configured to mix the at least one local 
oscillator light source and the channel of optical signals 
to generate mixed optical signals. 

17. A system for transmitting data information, comprising 
a sending node and a receiving node, 

the sending node, comprising an optical carrier source, a 
data modulation module, and a sending module, 
wherein: 

the optical carrier source comprises a carrier generation 
module and a first optical carrier selection module, 
wherein 
the carrier generation module is configured to generate 

multiple optical carriers, and 
the first optical carrier selection module is configured to 

select at least two optical carriers from the multiple 
optical carriers, wherein the at least two optical car 
riers correspond to at least two optical frequency 
slots, and a vacant optical frequency slot oran optical 
frequency slot occupied by other optical signals exists 
between the two optical frequency slots; 

the data modulation module is configured to modulate data 
information onto the at least two optical carriers to form 
a channel of optical signals, so that the channel of optical 
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signals occupies the at least two optical frequency slots, 
and a vacant optical frequency slot or an optical fre 
quency slot occupied by other optical signals exists 
between the two optical frequency slots; and 

the sending module is configured to send the channel of 
optical signals; 

and 
the receiving node, comprising: 
a receiving module, configured to receive a channel of 

optical signals, wherein the channel of optical signals 
occupies at least two optical frequency slots, and a 
vacant optical frequency slot oran optical frequency slot 
occupied by other optical signals exists between the two 
optical frequency slots; 

an optical Sub-signal generation module, configured to 
generate multiple channels of optical Sub-signals from 
the channel of optical signals according to the optical 
frequency slots occupied by the channel of optical sig 
nals; and 

a data restoration module, configured to demodulate data 
information from the multiple channels of optical sub 
signals. 

18. The system according to claim 17, further comprising 
an intermediate node, wherein the intermediate node is con 
figured to schedule the channel of optical signals as a whole 
from an input optical fiber of the intermediate node to an 
output optical fiber of the intermediate node. 

k k k k k 


